We present an analysis of high angular resolution observations made in the X-ray and the radio with the Chandra X-ray Observatory and the Karl Jansky Very Large Array (VLA), respectively, of the nearby spiral galaxy NGC 45. This galaxy is the third that we have considered in a study of the supernova remnant (SNR) populations of nearby spiral galaxies and the present work represents the first detailed analysis of the discrete X-ray and radio source populations of this galaxy. We analyzed data sets from the three pointed observations made of this galaxy with Chandra along with a merged data set obtained from combining these data sets: the total effective exposure time of the merged data set is 63515 s. A total of 25 discrete X-ray sources are found in the entire field of view of the ACIS-S3 chip, with 16 sources found within the visual extent of the galaxy. We estimate that as many as half of the sources detected in the entire field of view of the ACIS-S3 chip and seven of the sources detected in the optical extent of NGC 45 may be background sources. We analyzed the spectral properties of the discrete X-ray sources within the galaxy and conclude that the majority of these sources are X-ray binaries. We have searched for counterparts at different wavelengths to the discrete X-ray sources and we find two associations: one with a star cluster and the other with a background galaxy. We have found one source that is clearly variable within one observation and seven that are seen to vary from one observation to another. We also conduct a photometric analysis to determine the near-infrared fluxes of the discrete X-ray sources in Spitzer Infrared Array Camera channels. We constructed a cumulative luminosity function of the discrete X-ray sources seen toward NGC 45: taking into account simultaneously the luminosity function of background sources, the fitted slope of the cumulative luminosity function Γ = -1.3 1.6 0.7 -+ (all error bounds correspond to 90% confidence intervals). The VLA observations reveal seven discrete radio sources: we find no overlaps between these sources and the X-ray detected sources. Based on their measured spectral indices and their locations with respect to the visible extent of NGC 45, we classify one source as a candidate radio SNR associated with the galaxy and the others as likely background galaxies seen in projection toward NGC 45. Finally, we discuss the properties of a background cluster of galaxies (denoted as CXOU J001354.2-231254.7) seen in projection toward NGC 45 and detected by the Chandra observations. The fit parameters to the extracted Chandra spectra of this cluster are a column density N H = 0.07 (<0.14) × 10 22 cm −2 , a temperature kT = 4.22 1.42 2.08 -+ keV, an abundance Z = 0.30(<0.75) relative to solar and a redshift z = 0.28 ± 0.14. From the fit parameters we derive an electron number density n e = 4(±1) × 10 −3 cm −3 , an unabsorbed X-ray luminosity L 0.5 7.0 keV-8.77(±0.96) × 10 43 erg s −1 for the cluster and an X-ray emitting mass M = 2.32(±1.75) × 10 12 M  .
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(all error bounds correspond to 90% confidence intervals). The VLA observations reveal seven discrete radio sources: we find no overlaps between these sources and the X-ray detected sources. Based on their measured spectral indices and their locations with respect to the visible extent of NGC 45, we classify one source as a candidate radio SNR associated with the galaxy and the others as likely background galaxies seen in projection toward NGC 45. Finally, we discuss the properties of a background cluster of galaxies (denoted as CXOU J001354.2-231254.7) seen in projection toward NGC 45 and detected by the Chandra observations. The fit parameters to the extracted Chandra spectra of this cluster are a column density N H = 0.07 (<0.14) × 10 22 cm −2 , a temperature kT = 4.22 1.42
2.08 -+
INTRODUCTION
A lasting legacy of the Chandra X-ray Observatory-thanks to its unsurpassed angular resolution (approximately 1 arcsec resolution at 1 keV) and its outstanding flux sensitivity-has been its detection of large numbers of discrete X-ray sources in nearby galaxies (see Fabbiano 2006 for a review). The classes of discrete sources that are detected by pointed Chandra observations of nearby galaxies include central sources associated with galactic nuclei, resident supernova remnants (SNRs), X-ray binaries, and (due to projection effects) background galaxies. Examples of nearby galaxies that have been the subjects of such pointed observations with Chandra include M33 (Tuellmann et al. 2011 ), M51 (Terashima & Wilson 2004 ), M83 (Soria & Wu 2003) , M101 (Pence et al. 2001) and NGC 2403 (Schlegel & Pannuti 2003) .
In previous papers (Pannuti et al. 2000 (Pannuti et al. , 2002 we helped to establish the paradigm of using multi-wavelength observations to identify SNRs in nearby spiral galaxies (specifically NGC 300 and NGC 7793). Such studies of extragalactic SNRs offer the opportunity to investigate the properties of these sources in a manner that addresses the known observational obstacles encountered when studying Galactic SNRs. Specifically, these obstacles include considerable uncertainties in the distances to Galactic SNRs and significant absorption along the lines of sight to these sources (particularly at short wavelengths such as visible and X-ray), which limit thorough studies of Galactic SNRs to only those sources located in the neighborhood of the Sun (see Pannuti et al. 2007 for a more detailed review). Examples of papers that have provided detailed analysis of X-ray emission from samples of extragalactic SNRs as detected by Chandra include Long et al. (2010 Long et al. ( , 2014 who considered the SNRs located in the nearby spiral galaxies M33 and M83, respectively. Our prior analyses of Chandra observations of SNRs in nearby galaxies include the study of five galaxies in a flux-limited sample (Pannuti et al. 2007 ) as well as the study of the resident SNRs in NGC 7793 (Pannuti et al. 2011) . In the present paper, we describe Chandra observations of another galaxy that were conducted to detect resident SNRs, namely the nearby spiral NGC 45.
In Table 1 we present a summary of the general properties of NGC 45. This galaxy has a remarkably low surface brightness and tepid star formation rate (SFR) (e.g., SFR = 0.40 M  yr −1 -see Lee et al. 2009 ) when compared to other nearby spiral galaxies. A rather low metallicity for NGC 45 has been reported in the literature as well: based on observations of the globular cluster population of the galaxy, Mora et al. (2008) measured an absorption line stellar abundance of 12 + log (O/ H) = 8.5. The analysis presented in this paper therefore holds the potential of probing the discrete X-ray and radio source populations of a galaxy with a low SFR and a low metallicity.
The organization of this paper may be described as follows. In Section 2 we present the observations (and the accompanying data reductions) analyzed in this paper, namely the X-ray observations made with Chandra (Section 2.1) and the radio observations made with the Very Large Array (VLA) (Section 2.2). In addition to these X-ray and radio observations, we have also included infrared observations made of NGC 45 with Spitzer in the present study: we discuss these observations and the accompanying data reduction in Section 2.3. In Section 3, we present and describe the discrete X-ray and radio sources detected and considered in this paper. In turn, we discuss the properties of the discrete X-ray sources (Section 3.1), counterparts to these sources that are detected at other wavelengths (Section 3.2), the spectral properties of these sources (Section 3.3), a search for time-variability in the X-ray emission from the Chandra-detected sources (Section 3.4) and the infrared properties of the discrete X-ray sources (Section 3.5). We provide our own estimates of the SFR and the metallicity of NGC 45 in Section 4 while in Section 5 we analyze and describe the X-ray source luminosity function of the galaxy. The properties of a background galaxy cluster detected by these Chandra-observations-which we designate as CXOU J001354.2-231254.7-are discussed in Section 6 and the results of the radio observations of NGC 45 are given in Section 7. Lastly, in Section 8 we present the conclusions of this work. As is the case with many nearby galaxies, there have been a range of estimates of the distance to NGC 45 published in the literature. Chemin et al. (2009) provide a discussion of these published distance estimates and calculate a mean distance to NGC 45 of 5.9 Mpc based on these efforts. In the present paper, we will adopt a distance to NGC 45 of 6.6 Mpc as estimated by Jacobs et al. (2009) using the "tip of the red giant branch" method applied to a sample of nearby galaxies observed with the Hubble Space Telescope.
OBSERVATIONS AND DATA REDUCTION

Chandra Observations
The three observations of NGC 45 were made with the ACIS (Garmire et al. 2003 ) aboard the Chandra X-ray Observatory (Weisskopf 2002) . The angular extent of NGC 45 (specifically the D 25 isophote) was completely contained within the field of view of the ACIS-S3 chip, which itself has a field of view of 8.3 ¢´8 ′ . 3. In Table 2 we present a summary of the Chandra observations of NGC 45. All of the observations were conducted in VERY FAINT mode. The effective exposure times of the three individual observations (ObsIDs 4690, 6184 and 6185) were 32860, 24641 and 6014 s, respectively, and the combined effective exposure time of the three observations was 63515 s.
The data sets were processed and reduced using standard tools in the Chandra Interactive Analysis of Observations (CIAO) Version 4.4 software package (Fruscione et al. 2006) : the version of CALDB used in the analysis was 4.5.5.1. Each individual observation was reduced using the chandra_r-epro tool: this tool flags bad pixels and applies a timedependent gain. Next, light curves were created to filter against background flares and generate good time intervals which were applied to each data set to complete the processing. The celestial locations of sources identified in all three event lists were compared and found to be in sufficient agreement (within one arcsec) to permit the combining of the three observations using the CIAO tool merge_obs without reprojection to produce a merged image. To detect individual discrete X-ray sources from the three individual observations as well as the merged observation, the CIAO tool wavdetect (Freeman et al. 2002) was used: this tool implements a "Mexican hat" wavelet function-based search algorithm that searches for correlations between the function and the given pixel scale size. A preliminary search for sources was conducted with wavdetect with the scale sizes set to 2.0 and 4.0 and the probability of a false detection set to 10 −6 . A subsequent search for sources using larger scale sizes did not find any sources at a high statistical significance. 
Radio Observations
The radio data were collected in 1993 and 1994 using the VLA in spectral line mode, to allow wide field imaging without bandwidth smearing (chromatic aberration). See Table 3 for a summary of the radio observations made of NGC 45.
Infrared Observations
As part of this analysis, we used archival Spitzer Space Telescope images (Werner et al. 2004 ) of NGC 45 taken with the Infrared Array Camera (IRAC; Fazio et al. 2004 ) at 3.6, 4.5, 5.8 and 8.0 μm in the Local Volume Legacy Survey program (Dale et al. 2009 ) on 2007 December 26, consisting of eight 30 s frames (total maximum exposure per spatial position 214.4 s). The Basic Calibrated Data products (BCDs) are corrected for a gradient across the total imaged field of view before mosaicking. The Spitzer custom software MOPEX 9 is used for mosaicking, specifically the overlap and the mosaic routines. The final mosaic of the corrected BCD frames is constructed using the MOPEX mopex.pl script. Drizzle interpolation (drop factor of 0.75) was employed to determine the pixel values on a final grid of 0.75 arcsec pixel −1 , which is chosen to yield fully sampled images with maximal resolution.
Photometry was performed in the IRAC images using the elliptical Kron radius for the found objects in the output of SExtractor (Bertin & Arnouts 1996) . For the X-ray source locations that did not have an infrared counterpart, we calculated an estimate by summing up the pixels in the continuous source area that were at least at the 2-σ level and subtracted an SExtractor-estimated background from them (typically at a level of 1/100th of the pixel values) and converted these from Jy pixel −1 to total flux values in μJy.
RESULTS: X-RAY PROPERTIES OF NGC 45
Discrete X-Ray Sources in NGC 45
In Table 4 , we present a listing of the sources detected in the three individual observations (ObsIDs 4690, 6184 and 6185) and the merged observation of NGC 45, respectively. These observations detected totals of 14, 13, three and 24 sources, respectively, corresponding to a total of 25 unique X-ray sources. The coordinates of the sources, R.A. (J2000.0) and decl. (J2000.0), are given: we also list counterparts found for these sources and we discuss these counterparts in Section 3.2. A strong, extended X-ray source was also identified by eye in all observations: this source is the background galaxy cluster that is discussed in more detail in Section 6. In Table 5 , we present count rates for all of the detected sources (as measured over the energy range of 0.5-7.0 keV) for the individual observations as well as for the merged observation. The sizes of the extraction regions used to find the numbers of counts per source were determined from wavdetect. No correction was made for flux falling outside the extraction region and the expected encircled flux fraction for the region size was 90%. Using the on-line tool PIMMS 10 , we obtained conversion factors to be used to convert these count rates into absorbed and unabsorbed fluxes: from these fluxes, corresponding luminosities may be calculated. Adopting a power law model with a photon index Γ = 1.8 and a column density (corresponding to the Galactic column density toward NGC 45 11 ) of N H = 2.2 × 10 20 cm −2 , the conversion factors from count rates into absorbed and unabsorbed fluxes are 1.41 × 10 11 and 1.36 × 10 11 erg cm −2 s −1 counts −1 s, respectively. Using these conversion factors, the limiting unabsorbed luminosity attained by our observation of NGC 45 (for the assumed distance of 6.6 Mpc) is ∼10 37 erg s −1 . In Figure 1 we present a Spitzer 8 μm infrared image of NGC 45 with the locations of all of the detected sources indicated. We discuss the properties of these discrete sources in the following subsections.
For the sake of completeness, we extracted a spectrum of the diffuse X-ray emission from NGC 45 using the data set from the observation with the longest exposure time, namely ObsID 4690. The source extraction region corresponded to the full angular extent of the galaxy and excluded flux from the locations of the discrete sources identified by the CIAO tool wavdetect to minimize the effect of confusing flux from these sources. The signal-to-noise ratio of the spectrum was too poor for a detailed spectral analysis: we place an upper limit on the net count rate of 3.4 × 10 −2 cts s −1 for the extracted spectrum over the energy range of 0.5-7.0 keV. Using PIMMS and adopting a thermal . This surface brightness value is roughly comparable to the surface brightness of the diffuse X-ray background of ∼4-5 × 10 −15 erg cm −2 s −1 arcmin −2 as measured by Markevitch et al. (2003) . We therefore place an upper limit on the luminosity of the diffuse X-ray emission from NGC 45 (integrated over the entire spatial extent of the galaxy) of ∼1.2 × 10 39 erg s −1 over the 0.5-7.0 keV energy range.
Counterparts to Discrete X-Ray Sources Detected At Other Wavelengths
Previous X-ray observations: before the Chandra observations of NGC 45 that we consider in this paper were presented, there had been no pointed observations made of this galaxy with another X-ray observatory. Prior analyses of the Chandra observations discussed in this paper were presented by Evans et al. (2010) and Liu (2011) . As part of their creation of the Chandra Source Catalog (CSC), 12 Evans et al. (2010) identified eighteen discrete X-ray sources within a radius of 4.4 arcmin of the nominal center of NGC 45 as detected by these observations. Similarly, Liu (2011) analyzed these observations as part of a study of the discrete X-ray source population in a sample of 383 nearby galaxies as detected by Chandra. In analyzing the same three observations that we have considered, Liu (2011) cataloged a total of 20 sources as detected on the ACIS-S2 chip as well as the ACIS-S3 chip. As part of our analysis, we searched for overlaps between our sample of sources and the samples of sources given by Evans et al. (2010) and Liu (2011) .
We first compared our sample of sources with the sample of sources listed in the CSC: of the eighteen sources listed in that sample, we have found counterparts to thirteen of them. The remaining five sources are associated with the extended diffuse emission of the background galaxy cluster. We then compared our sample of sources to the sample published by Liu (2011): we found thirteen of the 20 sources in that sample: we note that the eleven sources found by CSC were also found by Liu (2011) as well as us. Of the remaining seven sources of Liu (2011) that we did not detect, four (X1, X5, X13 and X14) were detected on the ACIS-S2 chip while the remaining three (X16, X17 and X18) were not detected by us: a visual inspection of the putative locations of these sources did not reveal any obvious emission. We note that one of the sources we found in common with Liu (2011)-namely X20-is the background galaxy cluster: we will discuss this source in more detail in Section 6. We find twelve discrete sources that were not detected by either Evans et al. (2010) or Liu (2011) : all of these sources are detected close to our threshold of detection (∼3 × 10 −4 cts s −1 ) and additional sensitive X-ray observations are required to detect these sources more robustly. In Table 4 we list the associations between our detected sources and the sources found by Evans et al. (2010) and Liu (2011) . Below we outline our search for counterparts at other wavelengths to the discrete X-ray sources detected by Chandra. We have used a generous search radius of 5 arcsec to identify possible counterparts to these X-ray sources: a summary of our search for counterparts is presented in Table 4 .
Foreground stars: two particularly bright foreground stars (with apparent magnitudes m V < 10) are seen in projection toward NGC 45. 13 We have searched for associations between our detected X-ray sources and foreground stars (including these two bright foreground stars) and we find no associations.
Star clusters: a search was made to identify X-ray counterparts to star clusters identified in this galaxy by Silva-Villa & Larsen (2011). We found one such possible association: it is between the detected X-ray source CXOU J001404.1-231055 and the cluster CL 2_032. We note that the location of this X-ray source toward the nucleus of NGC 45 (and thus a region of significant visible confusion) must be taken into account when determining if the association between this X-ray source and the star cluster is genuine.
SNRs: there has been a prior optical search for SNRs in NGC 45 by Dodorico et al. (1980) . This search made use of narrowband [S II] and Hα images of the galaxy: SNRs manifest themselves as sources for which the ratio of the summed flux for the two lines of the forbidden transition [S II] doublet at 671.7 and 673.1 nm to the ratio of the flux of the Hα line at 656.3 nm equals or exceeds 0.4. In contrast, for sources with similar diffuse morphologies as SNRs (like planetary nebulae and H II regions) the observed values for this ratio are 0.2 or less. The origin of the differences in the values for this ratio may be traced to gas associated with SNRs experiencing a single collisional-ionization event from the SNR shock (thus most sulfur atoms in the gas are singly ionized) while the gas associated with planetary nebulae and H II regions is subject to continuous photo-ionization (thus most sulfur atoms in the gas are multiply ionized). Thus, the [S II]/Hα ratio may serve as an effective discriminant in distinguishing SNRs from other sources with similar diffuse morphologies in nearby galaxies through optical searches. The reader is referred to Blair & Long (1997) , Matonick & Fesen (1997) and Blair & Long (2004) for more information about optical searches using this ratio to identify SNRs in nearby galaxies. 
CXOU J001406.9-230707 1.95(±0.24) × 10 Notes. a Count rates may be converted from counts per second into absorbed and unabsorbed luminosities (in units of erg cm −2 s −1 ) using the conversion factors of 1.41 × 10 11 and 1.36 × 10 11 erg cm −2 s −1 counts −1 s, respectively. These physical parameters are determined assuming a power law model with a photon index Γ = 1.8
and a foreground column density N H = 2.2 × 10 20 cm −2 for a Cycle 5 observation. The quantity given in parenthesis is the variability index as measured using the CIAO tool glvary. See Sections 3.1 and 3.4. In their survey, Dodorico et al. (1980) failed to detect any SNRs in NGC 45. We have conducted our own multiwavelength search for SNRs in NGC 45 as a way to extend the initial work of Dodorico et al. (1980) . Using the set of discrete X-ray sources detected by Chandra, we first searched for positional associations between the detected X-ray sources with regions of diffuse optical emission associated with NGC 45. To help reduce confusion with X-ray sources of other types (such as X-ray binaries resident to NGC 45), we considered only those X-ray sources with soft spectra as indicated by the quantile analysis performed on the spectra of these sources and described in Section 3.3. Such soft X-ray spectra would be produced by a source with shock-heated gas and emitting thermal bremsstrahlung radiation (like an SNR) while harder X-ray spectra may be produced by different classes of sources (such as X-ray binaries or background galaxies). We find no overlaps between sources with soft X-ray spectra and regions of diffuse emission: in Section 7, we describe our search for SNRs in NGC 45 using radio observations. We note that it is not surprising that any resident SNRs in NGC 45 were undetected in the X-ray. In our previous analysis of a Chandra observation of the nearby galaxy NGC 7793 (Pannuti et al. 2011) , we attained approximately the same limiting unabsorbed luminosity as that attained by the present study of NGC 45 and we found few X-ray SNRs in NGC 7793. As noted in that paper, only about ten Galactic SNRs are known to have X-ray luminosities that exceed the limiting luminosity of our observation 14 , though comparisons with the Galactic SNR population need to be tempered by the fact that significant absorption along Galactic lines of sight causes many soft X-ray emitting sources like SNRs to remain undetected. In their study of X-ray emission from SNRs in the galaxy M83, Long et al. (2014) estimated a surface area distribution of the SNRs to be approximately 1000 SNRs per square degree at a flux limit corresponding to that attained by our observation of NGC 45. For our source with the angular extent of NGC 45, we would expect to detect approximately 11 SNRs, but the SFR of M83 is an order of magnitude greater than that of NGC 45 (for example, Kaisinia 2013 and estimate the SFRs of NGC 45 and M83 to be 0.55 and 2.82 M  yr −1 , respectively, based on Hα fluxes of the galaxies). Assuming that the SNR detection rate of a galaxy scales in proportion to its SFR, from the estimate of Long et al. (2014) we may expect to detect only one SNR in the X-ray in NGC 45, which broadly matches our result. The low SFR of NGC 45 (as calculated and discussed in Section 4) suggests that both the sheer number of SNRs and the number of luminous SNRs is probably much lower than in galaxies like the Milky Way and NGC 7793 that have much higher SFRs.
Background galaxies: we considered the 26 background quasars seen in projection toward NGC 45 by the visible survey conducted by Crampton et al. (1997) : we find no associations between our detected discrete X-ray sources and those quasars. Using the NASA Extragalactic Database (NED) 15 , we searched for other known external galaxies that could be counterparts to the detected X-ray sources. We found one such possible counterpart to a detected X-ray source, namely the galaxy MRS 473-113943 as identified by the Muenster Red Sky Survey (Ungruhe et al. 2003) .
We estimate the number of detected background sources that are seen in projection beyond NGC 45 using the relation given by Campana et al. (2001) : we express the relevant quantity N (the number of background sources greater than a flux density S per square degree) as (in CGS units) where the bandpass over which S is measured is 0.5-2.0 keV. For our merged image, we estimate that the limiting flux density (using the model parameters described in Section 3.1) to be 6.38 × 10 −16 erg cm −2 s −1 : therefore from Equation (1) we calculate 783 X-ray sources will be detected per square degree. This corresponds to fifteen sources within the field of view of the ACIS-S3 chip: therefore about 60% of the sources that we detect may be background objects. Among the 16 sources found within the visible extent of NGC 45, from Equation (1) we calculate that approximately seven of these 16 sources may be background objects.
Spectral Properties of Discrete X-Ray Sources
We adopted the quantile approach to a color-color diagram (Hong et al. 2004 ). The quantile method determines the energy below which a specified percentage of events falls. Colors are determined by ratios or differences of the resulting energies. Instead of an orthogonal grid as built for a hardness ratio, the interpretative grid has a compressed appearance. The compressed appearance reflects the true spectral energy information available from the instrument for a given spectral model. We have used this approach previously in our prior analysis of a Chandra observation of the galaxy NGC 7793 (Pannuti et al. 2011) . Quantiles are discussed in detail by Hong et al. (2004) and we present a brief summary here. A quantile Q X may be described as follows: first we define E X as the energy below which the net counts are X% of the total net counts. Therefore, E 25 , E 50 and E 75 correspond to the energies below which the counts are 25%, 50% and 75%, respectively. Thus, we may define Q X as
Here, E low and E high are the lower and upper boundary energies, respectively, of the full energy band considered: in the present paper, we have adopted values of E low = 0.5 keV and E high = 7.0 keV. To help maximize the separation of the data and to be consistent with the previous work presented in Pannuti et al. (2011) , we define a grid with 3 × (Q 25 /Q 75 ) versus log (Q 50 /(1-Q 50 )).
Our calculated quantile values for the sources detected with count rates of 10 −3 cts s −1 or greater-in the three individual observations and in the merged observation-are presented in Table 6 . In Figures 2 and 3 we present the quantile grids for the power law and bremsstrahlung models, respectively. of 0.6-0.7. Hence, the "cloud" of data points near (0.75, 0.75) is consistent with the column density toward NGC 45. Given their position, their implied spectra are rather hard so these objects are then candidate X-ray binaries or background active galactic nuclei (AGNs).
Of interest are the variations among the three epochs. Three detected sources (namely CXOU J001356.0-231240, CXOU J001403.6-231006 and CXOU J001406.9-230707) appear to be significantly spectrally variable: this variability is exhibited by the changes in locations of the plotted positions of these sources in Figures 2 and 3 . Specifically, two sources (CXOU J001403.6-231006 and CXOU J001406.9-230707) show an increase in absorption through the observation while the third (CXOU J001356.0-231240) appears to soften.
Variability in the X-Ray Emission from the Detected Sources
The CIAO tool glvary was used to check the variability of the detected sources in each observation. This tool uses the Gregory-Loredo variability test (Gregory & Loredo 1992) algorithm to first bin the events based on time and then to conduct a search for deviations within those binnings. 16 The tool calculates a variability index based on this search for deviations within the binnings: this index may be interpreted such that a value of 0, 1, 2, 3, 4, 5 and 6 through 10 indicates that source definitely is not variable, is considered to not be variable, is probably not variable, may be variable, is likely to be variable, is considered to be variable and is definitely variable, respectively. Table 5 contains all of the variability indices for the three observations of NGC 45. Only one source (CXOU J001406.9-230707) was found to be variable during the course of a single observation: the glvary tool returned a variability index of 6 for the source during the ObsID 4690 observation. Inspection of an visual image at the location of this source reveals no obvious counterpart: we also find no counterpart to this source at any wavelength. Such a source may be a background galaxy seen through the disk of the galaxy or an X-ray binary physically associated with NGC 45 itself.
We have searched for variability in the X-ray emission from the detected sources between the three different observations. We first compared the two longer exposure observations (ObsIDs 4690 and 6184): the difference between the effective exposure times of the two observations is approximately 10 ks, which leads to a difference in flux sensitivity that must be taken into account. In comparing the sets of sources detected by the two observations and the measured count rates of the same source, we find that seven sources do in fact show a detectable change in brightness (at the 90% confidence level) from the first observation to the second. Regarding the third observation (ObsID 6185), which has an order of magnitude shorter exposure time than the other two observations, it has limited ability to constrain the variability of the discrete sources and indeed we find no evidence for any source variability as indicated by that observation. Therefore, we conclude that seven sources change luminosity on a timescale corresponding to the time between the three observations (that is, over about five days from the first observation to the last).
Infrared Properties of the Discrete X-Ray Sources
The calculated Spitzer IRAC fluxes for the detected X-ray sources and radio sources are presented in Tables 7 and 10 , respectively. We have detected counterparts to seven and six sources found inside and outside of the angular extent of NGC 45, respectively. To help interpret the colors of these sources, in Figure 4 we present a color-color scatter plot diagram of all of the detected X-ray sources that were also detected by IRAC at a statistically significant level. We have plotted the sources located within the visual extent of the galaxy as well as those sources located beyond it: two of the detected radio sources were also detected by IRAC and the measured colors of these sources are plotted as well. To help aid in the classification of the sources, we have overplotted the "Lacy wedge" (Lacy et al. 2005 ) that provides bounds on the colors of extragalactic sources. We find that three and four of the sources detected within and outside of the visual extent of the galaxy, respectively, have colors consistent with the extragalactic sources based on their locations within the Lacy wedge. This result is consistent with our prediction that approximately half of the detected X-ray sources seen within the visual extent of NGC 45 are actually background galaxies. Inspection of the calculated X-ray luminosities of the plotted sources reveal no obvious trends with respect to these two groups of sources (for example, the X-ray sources within the galaxy with infrared counterparts are not brighter than average).
THE SFR AND METALLICITY OF NGC 45
As mentioned in the introduction, the tepid SFR of NGC 45 makes it stand out compared to other nearby spiral galaxies in the local universe. NGC 45 is also known to have a low metallicitybelow we discuss the metallicity of the galaxy in more detail as well as provide our own estimate of this property.
In addition to the SFR of 0.40 M  yr −1 for NGC 45 as measured by Lee et al. (2009) previously (which was obtained based on the ultraviolet flux measured by GALEX), the application of other well-known indicators of SFR also yield low SFRs for NGC 45. For example, the SFR as a function of Hα luminosity as derived by Kennicutt (1998) can be applied: from the measured Hα flux of NGC 45 of 6.03 × 10 −12 erg cm −2 s −1 (Kennicutt et al. 2008 ) and our adopted distance to NGC 45 of 6.6 Mpc, we calculate an Hα luminosity of L Ha = 3.14 × 10 40 erg s −1 . Therefore, by applying the relation derived by Kennicutt (1998) , we calculate a SFR of Table 7 . The green circles correspond to the X-ray sources located outside of the visual extent of NGC 45, the red stars correspond to the X-ray sources located within the visual extent of NGC 45 and the blue stars correspond to the radio sources detected by our radio observations that were also detected by IRAC. The dashed line indicates the location of the "Lacy wedge" (Lacy et al. 2005 ) that broadly defines the colors of galaxies, consistent with the interpretation that these sources are background galaxies seen in projection toward NGC 45. See Sections 3.5 and 7.
we obtain 0.19 M  yr −1 . As a third and final estimate of SFR, we apply the relation presented by Cluver et al. we obtain SFR Ha = 0.10 M  yr −1 . Therefore, based on all of these metrics and the previous work of Lee et al. (2009) , we have established that NGC 45 does indeed have a low SFR.
The metallicity of NGC 45 is also known to be quite low based on previous studies of this galaxy. Zaritsky et al. (1994) provided metallicity estimates for galaxies as a function of Hubble type: according to Figure 10 of their paper, the metallicity of an Sd galaxy like NGC 45 is 12 + log (O/ H) = 8.5. Based on analysis of observations made of the globular cluster population of NGC 45, Mora et al. (2008) measured an absorption line stellar abundance of 12 + log (O/ H) = 8.5. We provide our own estimate of the metallicity of the galaxy using the relation derived by Lee et al. (2006) based on the absolute magnitude of a galaxy M 4.5 at 4.5 μm. To calculate M 4.5 , we first determined m 4.5 -the apparent magnitude at 4.5 μm-from the relation m 4.5 = −2.5 log 10 (F/F 0 ), where F is the observed flux from NGC 45 at a wavelength of 4.5 μm (0.127 ± 0.017 Jy- Dale et al. 2009 ) and F 0 = 179.7 ± 2.6 Jy. From this relation, we calculated m 4.5 = 7.88 and from our assumed distance to NGC 45 (and assuming no extinction), we calculate M 4.5 = -21.32. Therefore, using the relation obtained by Lee et al. (2006) , that is 
4.5
we calculate 12 + log (O/H) = 8.39 ± 0.47. For comparison purposes, we note that solar abundances have been estimated to be 12 + log (O/H) = 8.92 (Anders & Grevesse 1989) and 12 + log (O/H) = 8.69 (Wilms et al. 2000) . Based on these estimates of the solar metallicities, our calculated value of the metallicity is 0.3 and 0.5 solar, respectively. All of these results underscore that NGC 45 is indeed a low metallicity galaxy.
THE DISCRETE X-RAY SOURCE LUMINOSITY FUNCTION OF NGC 45
In Figure 5 we present the cumulative 0.5-7.0 keV luminosity distribution of the sources within the optical extent of NGC 45. = is the 0.5-7.0 keV luminosity. Fits with more complex models including a broken power law and an exponentially cutoff power law produce similar results with no improvement in the quality of the fit.
This slope is much steeper than (but within 1σ of) the universal value of ∼ −0.6 derived for star-forming galaxies by Grimm et al. (2003) and, more recently, by Mineo et al. (2012) . The normalization was found in those studies to be directly proportional to the global SFRs of the host galaxies, provided the X-ray point source population is dominated by young accreting binary systems with highmass donor stars. This may be the case for NGC 45 since it is a late-type spiral. However, it has a low to moderate SFR and a moderate mass so that contributions from lowmass X-ray binaries are also expected. Scaling the expression from Grimm et al. (2003) to our limiting flux of , where one square pixel corresponds to 0″ . 5 × 0″ . 5. See Section 6. Figure 7 . Extracted Chandra ACIS spectra from the background galaxy cluster CXOU J001354.2-231254.7. The black, red and green spectra were extracted from ObsIDs 4690, 6184 and 6185, respectively. The spectra are fit with a PHABS × APEC model with variable redshift. See Section 6 and Table 8 . L 1 37~, we expect N 21.8 SFR 0 =´or from 2.2 to 8.7 high-mass X-ray binaries based on the SFR estimates derived above. This is roughly consistent with the net numbers of observed sources.
The slope is also consistent with the low-luminosity slope, 0.7 G = -to 1.2 -, observed from populations of older lowmass X-ray binaries in early-type galaxies (Kim & Fabbiano 2004) though their luminosity functions often show breaks within our luminosity range (e.g., Gilfanov 2004; Kim et al. 2006) making it difficult to make a direct comparison to our results. . 7: therefore, we will refer to this cluster as CXOU J001354.2-231254.7 for the remainder of this paper. This source was first identified as RX J001353.6-231318 in the ROSAT All Sky Survey Faint Source Catalog (Voges et al. 2000) : it was also detected and cataloged as source X20 in the previously published catalog of sources detected by Chandra toward NGC 45 by Liu (2011) . In Figure 6 we present a broadband Chandra image of CXOU J001354.2-231254.7 with contours overlaid to depict emission detected by IRAC at Channel 1 (3.6 μm). To investigate the spectral properties of this cluster, we used specextract to extract source and background spectra along with auxiliary response functions and redistribution matrix files from all three observations. The radius of the source extraction region was 40 arcsec: the background extraction region was an annular region centered on the source region with a radius of 60 arcsec. The source extraction region also excluded flux from the discrete source CXOU J001356.0-231240 to reduce the presence of contaminating flux from unrelated sources in the extracted spectra of the cluster.
The extracted spectra were fitted using the XSPEC software package Version 12.8.1g (Arnaud 1996) . The thermal APEC model 17 was used to model the thermal diffuse emission from the cluster and the abundance parameter (describing elemental abundances relative to solar) and the redshift were allowed to vary. Finally, the APEC model was combined with the photoelectric model PHABS to account for photoelectric absorption along the line of sight. While fitting, a statistically acceptable fit ( 2 c /degrees of freedom = 107.93/114 = 0.95) was obtained with the APEC model: in Table 8 we present a summary of the parameters of this fit. In Figure 7 we present the extracted Chandra ACIS spectra for this cluster as fit with the APEC model. Based on the fitted redshift (z = 0.28 ± 0.14) and assuming a value for Hubble's Constant of H 0 = 67 ± 1.2 km s −1 Mpc −1 (Ade et al. 2015) , we determined the angular size distance, luminosity distance d L and comoving radial distance to the cluster using the on-line Cosmology Calculator created by Ned Wright 18 of 4.447 kpc/″, 1503 and 1174 Mpc, respectively, assuming a matter density M W = 0.286 and a vacuum energy density vac W = 0.714. At this distance, the angular radius of our extraction region of 40 arcsec corresponds to a linear radius of r = 178 kpc. The unabsorbed flux S X measured from the cluster over the energy range of 0.5-7.0 keV is 1.98 × 10 −13 erg cm −2 s −1 . To calculate the unabsorbed X-ray luminosity L X of CXOU J001354.2-231254.7 over this energy range, we use the relation ). From the normalization of the fit and assuming that n H and n e are uniform throughout the volume of the X-ray emitting plasma and that n H = n e , we calculate n H = n e = 4(± 1) × 10
. Finally, from the estimated volume of the X-ray emitting plasma, we calculate the mass of the X-ray emitting gas to be M = 2.32(±1.75) × 10 M 12  .
RADIO RESULTS
Six radio sources were identified at 6 cm and no sources were detected at 20 cm. The 20 cm image has a rms sensitivity that is three times higher than the 6 cm image. This means that flat-spectrum sources that are detected at 6 cm would not be detectable in the 20 cm image. Sources previously identified by 
, where d L is the luminosity distance to the cluster in cm, z is the redshift, n e is the electron number density in cm −3 , n H is the proton number density in cm −3 and V = dV ò is the total volume of the X-ray emitting gas. See Section 6. d For the energy range 0.5-7.0 keV. the NRAO VLA Sky Survey (see Condon et al. 1988) were detectable outside of NGC 45. The source R45-R3 may be a double-peaked source but the second peak is right at the detection limit.
We have used a 3σ upper limit for the 20 cm flux density based on the rms sensitivity of 78 μJy/beam for the 20 cm radio map. In Table 9 we present measured flux densities at 6 cm for the detected sources, as well as spectral index α measurements 19 , notes about the morphology and intensities of each source and finally the search for counterparts from previously published works. We find that two radio sources -R2 and R4-have been previously detected as sources MRS 472-003130 and MRS 473-114430, respectively, by the Muenster Red Sky Survey (Ungruhe et al. 2003) . We find no X-ray counterparts to any of the detected radio sources. In Figure 8 we present an ultraviolet image of NGC 45 with the locations of the detected discrete radio sources indicated. A cluster of four discrete radio sources seen toward the southeast of the galaxy may correspond to a background cluster of galaxies: the spectral indices of these 19 Here, we have adopted the convention S n n µ a -.
sources are consistent with galaxies. The association of these galaxies with the cluster CXOU J001354.2-231254.7 discussed in the previous section is uncertain due to the large position offset between these radio sources and the observed diffuse emission of the cluster. Of the two remaining sources (which were weakly detected compared to the previous four sources), one-45-R5-is detected within the visual extent of NGC 45: its location within the galaxy and its measured spectral index (consistent with a synchrotron origin) suggest that it may be a SNR, but no X-ray counterpart is seen and additional observations are required to investigate the classification of this source in a more rigorous manner. The remaining source-45-R6-also has a spectral index consistent with a synchrotron origin but its location outside of the visual extent of the galaxy makes a classification as a SNR less likely. The true nature of this source is also uncertain. We measured Spitzer IRAC fluxes of the detected radio sources: two sources were also detected by Spitzer and then fluxes for these sources are presented in Table 10 . We have plotted the positions of these sources in Figure 4 .
CONCLUSIONS
The conclusions of our paper may be summarized as follows.
1. We present an analysis of three archival Chandra observations of the nearby spiral galaxy NGC 45. The total combined effective exposure time of the three observations is 63515 s. A total of 25 discrete X-ray sources are found in the entire field of view of the ACIS-S3 chip and 16 sources are found within the visual extent of the galaxy. The limiting unabsorbed luminosity of the merged observation is ∼10 37 erg s −1 over the energy range 0.5-7.0 keV. 2. We have searched for counterparts at other wavelengths for these sources: we identify associations between one X-ray source and a resident star cluster as well as an association between an X-ray source and a background galaxy. We find no X-ray counterparts to Galactic foreground stars seen toward NGC 45 and we estimate that about half of the sources in the entire field of view and half of the sources seen within the visual extent of the galaxy may be background sources. 3. To aid in classifying the sources based on their spectral properties, we have also performed a quantile analysis as well for those sources detected with a sufficient number of counts for at least a basic quantile analysis. Based on the calculated quantiles for these sources and their locations on interpretive grids, it appears that the majority of the brightest X-ray sources are either candidate X-ray binaries or background AGNs. 4. We have searched for time variability in the X-ray emission from the discrete X-ray sources during the three individual X-ray observations. One source is seen to be variable during the ObsID 4690 observation: it may be associated with a background galaxy or an X-ray binary associated with NGC 45. When comparing luminosity estimates of discrete sources from one observation epoch to another, we find that seven X-ray sources appear to vary in luminosity by a detectable amount between the observations (covering a time span of approximately five days). 5. We have measured the Spitzer IRAC fluxes of the Chandra-detected sources from our observations of NGC 45: we have detected infrared counterparts to seven and six sources found inside and outside of the visual extent of the galaxy, respectively. A scatter plot of the infrared colors of these sources shows that the sources found outside of the galaxy have infrared colors consistent with background galaxies. 6. We have applied several different methods to estimate the SFR of NGC 45: these methods all return values of ∼0.20 M  yr −1 . Similarly, we have estimated the metallicity of NGC 45 to be 12 + log (O/H) = 8.39 ± 0.47. Our calculated values for the SFR and the metallicity are consistent with values published previously in the literature. 7. We have estimated the slope of the luminosity function of the discrete X-ray source population of NGC 45 (when taking into account the presence of background galaxies) to be Γ = -1.3 1.6 0.7 -+ . This slope is steeper but within 1σ of the universal value of -0.6 derived for star-forming galaxies. 8. We have conducted a detailed spectral analysis of the diffuse hot gas associated with a background galaxy cluster (CXOU J001354.2-231254.7) that has been detected by these observations. Our fit parameters to the extracted ACIS spectra of the gas are a column density N H = 0.07(<0.14) × 10 22 cm −2 , a temperature kT = 4.22
1.42
2.08 -+ keV, an abundance Z = 0.30(<0.75) relative to solar and a redshift z = 0.28 ± 0.14. From the fit parameters we derive an electron number density n 4( 1) 10 e 3 = ´-cm −3 , an unabsorbed X-ray luminosity L 0.5 7.0 keV-8.77(±0.96) × 10 43 erg s −1 for the 14.3 ± 3.8 9.6 ± 3.1 7.9 ± 2.8 13.6Est
Note. a Definitions of the IRAC channels are the same as those presented in Table 7 . See Section 7.
cluster and an X-ray emitting mass M = 2.32 (±1.75) × 10 12 M  . 9. We have also presented radio continuum observations of NGC 45. A total of six discrete radio sources have been detected: we find no X-ray counterparts to any of these sources. Based on spectral analysis of the radio sources, complementary analysis of their IRAC fluxes (for the two radio sources with infrared counterparts detected by IRAC) and consideration of their locations as seen with respect to the angular extent of NGC 45, we conclude that one source is a candidate radio SNR while the remaining sources are likely to be background galaxies unrelated to NGC 45.
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